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STMMARY

Direct-reading design charts are presented for 7T58-T aluminum-alloy
flat compression panels having longlitudinal stralght-web Y-sectlon
gtiffeners. These charts meks possible the direct determination of
the stress and all the panel proportions required to carry & given
intenslty of loading with a given skin thickness and effective length
of panel.

INTRODUCTION

Deslgn charts for wing compression panels have been going through
a process of development since ths introduction of the parameter
intensity-of -loading divided by effective-length-of -panel (references 1
and 2). This parsmeter wes originally conceived for use in measuring
the relative structural efficlemncy of different Ltypes of comstructiom,
and it has been so used by a number of investigators. (8ee, for example,
reference 3.) It was alsc found to have particular value for use in
design charts for longitudinelly stiffened campression psnels (refer-
ences 4 and 5). Design charts of the type presented in references L
and 5 fell short of maximm utility, however, because they did not
permit the direct selection of pamel proportlons to meet the principal
deslgn conditions - iIntensity of loading, ekin thicknesa, and effective
length of panel. In order to increase the usefulness of such charts,
e summery type of plot was proposed in reference 6 for use with them.
This plot made possible the direct determination of the stress that
could be carried by minimm-weight panels and one of the panel
proportions required to achieve minimmm welght, namely, the ratio of
stiffensr thickness to skin thickness. The other panel proportioms,
however, could not he found dlrectly.

In the present paper, design charts are presented which permit
the direct determination of all the panel proportione required to achieve
minimm weight, as well as all the proportions other than those for
minimum weight which will also meet the given design conditions. These
charts are therefore useful not only for finding minimm-weight
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proportions but also for studying the effect of changing the design
conditions, or for selecting proportions, other than those for minimum
welght, which may be more suitable for a particular application.

SIMBOIS

The symbols used for the panel dimensions are given in figure 1.
In addition, the following symbols are used:

c coefficient of end fixity ase used in Buler columm formmle
4 rivet disasmeter, Iinches

L length of pansl, inches

P rivet pitch, inches

Py canpressive load per inch of panel width, kips per inch.

r all f£i1llet radii, inches

t cross-sectional area per inch of panel wildth, expressed &s an
egquivalent or average thickness, Inches

o) radius of gyration, inches

O average stress at falling load, ksi
c atress for local buckling of sheet, ksl

Ocy compresslive yleld stress, ksi

DIRECT-READING DESIGN CHARTS

Direct-refding design charts for T758-T aluminum-alloy flat compres-
sion peanels with longitudinal straight-web Y-sectlion stiffeners having
the properties and proportions given in tables 1 to 6 are presented in
two forms in figures 2 to 11. In the first form (figs. 2 to 6), the
design conditions of intensity of loading, effective length of panel,
and skin thiclkmese are Incorporated in the ordinate Pi/t8 and the

P
ebscissa 1-7-1‘,-—3 This form; having the design condlitions incorporated

in the ordinate and absclssa, 1is the more useful for most design purposes
becauge the curves are more widely spaced and interpolation is more
streightforward. In the second (alternmate) form (figs. 7 to 11), the
average stress at fallure Ty is plotted against Pi/tg as was done
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in the summary plots of reference 6. This alternate form, having the
stress - an inverse measure of welght for a given loed - as ordinate,

is the more useful for making generalizations apd comparlsons of struc-
tural efficlency because 1t showse how nesarly the stress sctually carried
approaches the upper limit corresponding to the stress that would be
achieved by & pure shell construction if a pure shell could carry the
load without fai'il).u.re. This upper limit of stress is represented by the

lines for op = Eé (infinite stiffensr specing) in figures 7 to 11.

Values of the ratios of stiffener thickness to skin thickmess ty/tg,
average spacing of rivet lines to ekin thickneses S/tg (because there
are two rivet lines associated with each Y-sectiom, the stiffemer spacing
equals 2S), and height of stiffemer to stiffener thickmess H/ty, which
will satisfy the design conditions, may be found directly from these
charts, end the corresponding section properties t/tg, h/ts, end p/tg
mey be found from tables 2 to 6. In the first form of design chart
(figs. 2 to 6) deshed lines are used to indicate values of average stress
at fallure oOp; whereas, on the alternate form of degign chart (figas. 7
to 11) daghed lines &sre used to indicate valuss of —7—L ic. In both forms
the value of Op corresponding to the point at which each curve is cut
by a short heavy line is used to represent the value of the stress for
local buckling o for the proportions represented by that curve. For

example, the value of ggp for % = 33.8 eand % = 16.2 1in figure 2
is approximately 56 ksi. @nly a very short pansl of these proportions
would buckle before failure - ome having & value of L//_ > O.52> If

c
the valus of ocr 18 so low that the short heavy line would fall outside
the boundarises of the chart, a numsrical value of ogy 18 given and is
agsociated with the proper proportione by a leader to the curve. The

panel proportions which have minimum welght are indicated on both forms
of these charts by the use of colors as follows:

(1) If the proportions correspond to & blue reglon, they are the
proportions which glve the lightest posslble 758-T Y-stliffened panel
which will meet the deslgn conditions

(2) If the proportions correspond to & red regicn, they are the
lightest possible at the ratic/of stiffemer thickness toc skin thiclimess
glven by that particular chert, but some other thickness ratio would give
a lighter design

(3) If the proportioms correspond to a white reglon, the proportioms
meet the design conditions, but they are not the lightest which will
meet the conditioms

Because in many cases the proportions may be varied somswhat from
those indicated by the red and blus reglons with little change 1n the
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value of the stress that can be carrled, tooc much importance should not
be attached to the exact proportions indicated by the colore to heve
minimm weight. In any particular case for which a deviation from the
minimum-weight proportions i1s mmde, however, cautlon dlctates that the
welght penalty associated with this deviation be determined.

The development of the dirsot-reading charts ig described in the
appendix. .

USE OF THE DIRECT-READIRG DESIGN CHARTS

The manner of using the direct-reading design charts depends in
soma meésure on the desired degree of precision of interpolation among
the curves. For many purposes, interpolation by inspection is of
adequate accurecy, and the use of the charts reguires only_the calcula-

P
tion of the values of the design parameters Pi/tg end L bi/_ to permit
C
the desired proportions to be read directly from the curveé. The propor-

tioms for minimum welght, moreover, may be found directly as those
corresgponding to the blue region on the curves.

If more accurate interpolation la desired, & plot can readily be
mede of? Hfty, &p, &nd oqy ageinst S/tg at the given values of Py/t

and T ;~ and the proportions can be picked from it. (This.plot is
c

simiiar to that which results from the use of the minimum-weight design

procedure with the previously avellable design charts, references L to 6.)

On a plot of this type, the proportiomns for minimum weight correspond

to those apsoclated with the highest valus of 8p.

As & check on the accuracy of interpolation, the cross-sectional
aree per Iinch of width of the design mey be determined from the values
of T/tg given in tables 2 to 6 and the value of the intensity of loeding
that can be carrled on this croms-sectionsl area yper inch at the wvalue
of of glven by the charts msy then be compared with the design value
of Py.

ILLUSTRATIVE EXAMPLE

In order to illustrete the use of the direct-readlng design charts
and the simpliclity of the computatlons associated with them compared with
those required with previous charts, a panel will be designed for minimum
welght to meet the same principsl design conditions used to 1llustrate
the deslgn procedures in reference U4, namsly:

1. Intenslty of loading Py = 3.0 kips per inch
2. Skin thickness tg = 0.064 inch

3. Effective length -% = 20 inches
yC
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Ag was pointed out in reference 6, an intensity of losding as small as

3.0 kips per inch may require a stiffensr thickness smaller than can be
successfully extruded. The value of P4 of 3.0 kips per inch is retained
for the example, however, in order to provide a ready comparlsom with

the exemples of reference L. :

P
First the values of Pjftg smd — are caloulated

Lie
P
% = 5208
= 46.9 ksi
Py _ 3.0
Lifc  20/f1
= 0.15 ksi
Then a trial value of ty/tg is assumed (for the example W 0.51

will be used). In the chart for this value of tw/tg (f1g. 3) the points
corresponding to the design velues of Py/tg and L/|1/_ lie above the
c

red line at %gm:..s (or b-‘fgeh) and below the red line at

% > 49.9 (ox'- 1:,.—';‘{ > 27). Accordingly, the value of H/ty for minimum
weight for W - 0.51 1les between Lk.6 and 49.9 and, because these
values are e;;%a'blished. by red lines, not blue lines, some value of ty/ftg
other then 0.51 will give less welght. Inspection of the charts for
other values of ty/tg reveals that at the glven design values of Py /ftg

Py E H
snd G the blus region lles between 5 = 49.9 apd & = 60.7 eand
Lic .
is very near to % = 55.3 1in the chart for %‘ = 0.40. By interpolation,
the panel proportioms corresponding to this blue reglon are found to be

H -
Wz 55, %z 32.5, %z 30, Ez 51, opm 34 kei, amd ooy & 16 kel .
These proporticns, then, are those for minimum welight. The actual pam ”
dimengiona can be calculated from these proportions as

= ‘Ew-—
W i3 tg
= 0.40(0.06k)

& 0.025 inch
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H
o W

=t |
il

55(0.025)
1.38 inches

S
S_%ts

32.5(0.064)

2.08 inches

end. the sectlion properties can be determined from teble 2 as

n
n €§-ts

3.77(0.06k)

0.241 inch

o
P Tig s

©
L]

6.90(0.064)

0.442 inch

In order to illustrate the use of the direct-reading design charts
when more accuracy than that correspondl to interpolation by lnspection
1s desired, a plot has been made (fig. 12) of the values of Fp, O,

end H/ty; given by the charts at the design values of Pi/ts
P

b
and f7¢§' The proportions which give the highest value of Gy can be

readily selected from a plot of this kind. (For the example these
proportions are so nearly the same as were obtalned by inspection that
the values willl not be repeated; however, the flatness of the curve of
dp against B8/tg in fig. 12 shows that, for a fairly wide range of
proportions for this particuler design, the stress that could be

_ carried would be substentially the same as that for minimwm weight.)
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As & check on the accuracy of interpolaticn, the megnitude of :E/’cs

for these proportions can be determined fram table 2 and multiplied by
the values of tg and Ty for the deslgn. This product should be

equal to the design value of P;. For the example

b
E— 1.377
and
- ¥
£ T ta = 34(1.377)(0.064)

3.0 kips per inch

which agrees with the design valus of Pi originally assumed. .

Langley Memorial Asrcnautical Laboratory
Natlonsal Advisory Camlttee for Asronsutics

Lengley Field, Va., March 16, 1948
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APPENDIX
DEVELOPMENT OF DIRECT -READING DESIGN CHARTS

In order to be direct-reading, a deosign chart needs to incorporate
all the principal design conditions into 1ts perameters. Prevlous
design charts, such as those of references 4 to 6, have incorporated
only the design conditions of compressive load per inch of panel

width P; and effective length of panel L/V/C in the paremeter Iﬁ_-
c

Consequently, such charts cannot be used to find a design directly if

a particular skin thickness 1s specified. Because of the trend toward
higher speede and thinner wings and the accampenying requirement of

a feirly thick skin to provide high torsional stiffness, the skin
thickness tends to became ocne of the princilpal deslign conditions, and
hence it too should be incorporated into the paraemeters used for design
charte. In reference T a sultable perameter incorporating the skin
thickness was found to be Py/tg. The design charts of references 4

to 6 may be converted, therefore, to incorporate the skin thickness into
thelr parsmeters 1f vla).lues of Pi/ts are found which correspond to the

values of u_f and Lﬁ given by the curves of the charts. These
values of Pi/ts are established by the fact that both the stress E'f

and the Intensity of loading Py represented by the curves of these

previous charts always correspond to fallure of the psnel. In other
words, on any curve in the charts

_=I_’__1_
£ 3

where t 18 the cross-mecticnal area per Inch of panel width expressed
ag an equivalent or average thickness.

If both sildes of this equation are multiplied by T and divided
by the skin thickness tg (values of T/tg are tabulated in references 4

to 6 for the panel proportions covered by the associated design charts),
values of the paremeter Py/tg are

P t

tg - Tt

The curves of the previous design charts (references 4 to 6)

P
i
accordingly can be replotted either with thelr abacissa 17\/? replaced

by Py/tg (figs. 7 to 11) to give the same type of plot used for the
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summary charts of reference 6, or with the ordinate cr—f replaced by

P
Py/ts while ﬂiﬁ is retained as abscissa (figs. 2 to 6). Any point

on one of the replotted curves then represents a panel design which
satisfies the three conditions of intemsity of loading, skin thickness,
and effective length of panel. A locus of polnts for minimm weight
can be found, morecver, by & systematic study and can be indicated on
the charts, so that designs having the proportions required for minimmm
welght may be found directly.

The direct-reading design charts presented herein as figures 2 to 6
are cross-plotted, as just described, from figures 12 to 16 of refer-
ence 6 for 758-T aluminum-alloy straight-web Y-stiffened pansels.
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TABLE 1.~

MATERTAY. PROPERTTES AND PROPORTICNS OF

T55-T ALUIMINUM-ALT.OY PANELS HAVING

STRATGHT -WEB Y-SECTION STIFFENERS

[For details of stiffener proporticms and diemeter

and plitch

of rivets, see tables 2 to 6; for pansl
dimensions, see fig. I}

Material properties

Aluminum elloy (;g{)
8heet 7T98-T Alclad 67.3
8tiffeners T753-T 78.2
Proportions
by E
EI- = 0-565; - 0.8
%. = 1.791%- + 1.6
H
& - 2%‘@-5&5 + 3-9%
%= 0.5 b-t% + 6521%+ 29%—
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Figure [. - Symbols for panel dimensions.
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